Background: Adolescent pregnancy and childbirth are associated with increased risk and challenges for both mothers and birth outcomes. Objective: To investigate the associations of growth change over time with parenting factors and to compare the differences between children born to adolescent and adult mothers in Taiwan. Materials and Methods: The dataset retrieved from Taiwan birth cohort study (TBCS) was collected by interviews using structured questionnaires, birth certificate and Passport of Well-baby Care of each child. Changes in body weight, body height and head circumference from birth to 18 months, as well as other variables were assessed by statistical analysis. Results: There were 4.13% births born to adolescent mothers in 2005. Higher ratios of breastfeeding and working were found among adult mothers (p<0.001). Significantly higher percentage of adolescent mothers caregave their infants up to 18 months (p<0.001). Children born to adolescent mothers were associated with statistically significant lower body weight (p<0.001), body height (p<0.001) and head circumference (p<0.001) in spite of velocity and slop of growth patterns were similar over time. Breastfeeding did not significantly affected growth rate during the first 6 months. Generalized estimated equation models showed that gender and preterm birth were predictive factors for birth outcomes (both p<0.001) and correlated to changes over time. Conclusion: Adolescent childbearing was associated with preterm birth and lower body weight, body height and head circumference from birth to 18 months. The changes in growth and development among children born to adolescent mothers remain to be followed and evaluated with the TBCS.
Introduction
regnancy and fertility rate of teens have been decreasing in the past decade in Taiwan. Of all teens aged less than 19 who became pregnant, 20% delivered a live infant and the rate was approximately 8 births per 1000 teenage girls (ages [15] [16] [17] [18] [19] , or 3.6% of all birth in 2005 (National Statistics, DGBES, TW) (1) . Although teenage pregnancy in Taiwan is lower than western countries, such as 10% and 7% of all births in USA and the UK, the related issues have become pressing social concerns, particularly the delivery of low birth weight (LBW) or preterm infants (2, 3) .
Adolescent mothers are associated with less knowledge about parenting and child development, have less confidence in their parenting abilities, and express more problematic parenting beliefs and styles when compared to adult mothers (4) (5) (6) . There is also increased risk for premature delivery and LBW births, which could pose a threat to poorer developmental outcomes among young children (7) (8) (9) (10) . Children of adolescent mothers are at risk for future developmental and behavioral problems, increased risks of developmental delay, decreased selfsufficiency and continued cognitive/behavioral problems (11) (12) (13) . Some studies have shown that factors such as greater maternal education and more favorable living conditions are likely to improve growth and developmental outcomes for those children (14) .
Infant growth is not only affected by health related practices, such as breastfeeding and smoking, but also predisposing factors consisted of infant sex, birth order, and degree of intra-uterine constraint (15) (16) (17) . Slow infant growth may indicate inadequate P living conditions, inappropriate nutrition or other health problems, although factors contributing to growth vary by population such as underfeeding and infection observed in developing countries (18) (19) (20) . In contrast, there is increasing evidence that rapid infant growth is associated with higher risk of developing diseases in childhood, adolescence and adulthood (21) (22) (23) (24) (25) . The pattern of infant growth has drawn attention to the effects on lifelong health (26, 27) . Breastfeeding is the best way of feeding an infant and provides well-known benefits to the infant and the mother (28, 29) .
Studies have shown that total duration of breastfeeding is associated with slower growth in the first year of life and can contribute to the protective effects of breastfeeding against overweight and obesity (30-34). The World Health Organization (WHO) recommends exclusive breastfeeding (EBF) up to 6 months for newborn infants (35, 36) . However, breastfeeding duration is affected by many factors, such as social status, insufficient milk supply, parity, maternal work situation and infant health problems (37, 38) . In the present study we focused our investigation on the associations of growth change over time with parenting factors in a birth cohort study from Taiwan and compared the differences between children born to adolescent and adult mothers.
Materials and methods

Children of 2005 birth cohort
This was a longitudinal study using the dataset from a population-base Taiwan Birth Cohort Study (TBCS) that covered a total of 24,200 pairs of mothers and newborns from the time of birth in 2005 until December of 2007 (6 4 T 396 4 T ). This TBCS provides a wide range of longitudinal information about children's development. Infants with major disorders or congenital anomalies were excluded from this study. The study was reviewed and approved by the Medical Ethics Committee (National Health Research Institute) and Data Protection Board in Taiwan before initiated. After written informed consent was obtained, all eligible subjects (mother-child dyads) were categorized into two groups according to maternal ages of giving birth, of which 878 were adolescent mothers (≤20 years at the time of the child's birth) and 20,370 were adult mothers (aged 20 or older).
Data collection
Data was collected by trained research assistants with the use of a structured questionnaire at home interviews. Trend and differences in growth for body weight, body height and head circumference between babies born to adolescent and adult mothers were analyzed using repeated measure ANOVA and Z test statistics which is comparable across ages and provides a more sensitive assessment of deviations of growth. The longitudinal associations between variables and the change of growth with time from birth to 18 months old were analyzed using fitted generalized estimating equation (GEE) models. SAS PROC GENMOD was used for logistic regression analysis to evaluate the association between growth and each of the dependent variables.
Results
Infants born to adolescent mothers accounted for 4.13% of births in 2005 as revealed from TBCS dataset (Table I) . No significant difference in the male/female ratio of infants bone to adolescent mothers was observed, however, we noted that boys were 5% higher in the group of adult mothers. Higher percentage of adolescent mothers gave birth spontaneously in comparison with adult mothers (81.0% vs. 65%, p<0.001).
Although there was no statistical difference in preterm birth between two groups (p=0.306), a markedly higher incidence of LBW was observed among infants born to adolescent mothers than adult mothers (9.6% vs. 6.8%, p<0.05).
The average maternal ages at the time of giving birth of adolescent and adult mothers were 19.1±1.1 and 29.3±4.5 years, respectively. Although the vast majority of adolescent and adult mothers with singleton births stopped breastfeeding when their children were 18 months of age (96.7% and 93.5%), significant difference was detected for those were still breastfeeding between the two groups (adolescent mothers vs. adult mother: 3.3% vs. 6.5%; p<0.001). Moreover, adult mothers had significantly higher educational level in comparison to adolescent mothers (p<0.001). Higher ratio of breastfeeding and more working women were found among adult mothers at 18 th month (p<0.001). Conversely, 64.7% of adolescent mothers have been the main caregivers for their infants up to 18 months old, which was statistically significantly higher than adult mothers.
The growth patterns of infants born to adolescent and adult mothers, displayed in figure 1 indicate that the velocity and slop of growth were similar in terms of body weight (BW), body height (BH) and head circumference (HC) from birth to 18 months, although the significant differences existed in each stage (Table II) . The BW of infants born to adult and adolescent mothers was 3108.1±447.5 g and 3013.8±453.0 g, representing a difference of 95 g between the two groups. At the time of 18 months old, the difference decreased to 61 g. Children born to adolescent mothers were associated with statistically significant lower birth BW, BH and HC (p<0.001 for all). Trend analysis of infants between two groups showed no significant change or gain in overall weight. Although there was significant difference in changes of BH (p<0.001), no difference in overall height gain was observed. However, significant change and greater gain of HC were found in infants born to adolescent mothers (p<0.001, Table II ).
The association between breastfeeding, daytime caregiving and growth from birth to 18 months old was assessed and depicted in Figure 2 . Growth rates were significantly affected by breastfeeding in the first 6 months. Aside from both variables of breastfeeding and mother as the daytime caregiver were associated with lower growth of infants in all measures, the difference in weight velocity from 12-18 months was significant. GEE models were used to estimate the growth in terms of BW, BH and HC and the changes of growth from birth to 18 months old as functions of predictors. The results indicated that child gender, gestational age, method of delivery, and breastfeeding at 18 months were significant predictors that contributed to growth change (Table III-V) . Male babies were significantly positively correlated with BW (β= 33.56, p<0.001), BH (β= 0.04, p<0.001) and HC (β= 0.04, p<0.001). The growth of preterm babies was positively correlated with age for their BW (β= 20.92, p<0.001), BH (β= 0.12, p<0.001) and HC (β= 0.07, p<0.001).
Adolescent mothers were negatively associated with birth BW, BH and HC; however, the predictive power no longer existed over the time. Breastfeeding was negatively associated with growth change with age (p<0.001 for BW, BH and HC). Cesarean sections were positively correlated with the changes in BW (β= 2.72, p<0.05) and BH (β= 0.02, p<0.001), however, negatively correlated to HC (β= -0.03, p<0.001). The variable of mother as the primary daycare caregiver negatively contributed the change in BW (β= -4.86, p<0.001) and no significant effect on BH and HC. Multiple births and educational levels were not significantly associated with the growth changes. 
Discussion
In this study, the population-representative TBCS dataset was used to examine whether children bone to adolescent mother or adult mother were associated with growth changes over the first 18 months of life. The findings of higher incidence of LBW and prematurity among children born to adolescent mothers than their peers born to adult mothers were consistent to a previous report, although some discrepancies existed due to grouping of different age ranges (40) . During the following 18 months, no significant difference in weight gain or height gain was observed; resulting in the significant differences remained. However, children of adolescent mothers not only" caught up" the growth of head circumference but even had larger size than those born to adult mothers (Table II) . However, report of a systematic review indicated that early catchup growth of infants born preterm could be associated with adverse metabolic consequences in adulthood. These infants can be shorter and lighter than term-born peers during childhood, adolescence, and adulthood, despite beneficial for neurodevelopmental outcome may be observed (41) .
Our finding added to the understanding that the general higher educational level among adult mothers was likely to associate with higher breastfeeding rate, higher work engagement and lower caregiving at daytime. Furthermore, the mean age of adolescent mothers was 19±1.1 years old which was closer to adults than adolescents. They were more likely to have a wanted pregnancy and might be not associated with negative parenting behaviors in spite of lower birth outcomes.
With the use of GEE models in this study, child gender and gestational age were found to be predictive factors for birth outcomes in terms of BW, BH and HC and correlated changes over time. Adolescent mother was a predictive factor for newborns with lower BW, BH and HC. However, environmental factors, such as socioeconomic status, disadvantaged background, co-residence with other supportive family, and overall parenting quality that identified as more important predictors than maternal age for developmental outcomes in large-scale studies were not evaluated in our study (42) (43) (44) .
According to the study of 5 birth cohorts, weight gain from 0-24 months had the strongest relationships with schooling outcomes followed by birth weight (45) . The authors also suggested that growth failure in early childhood should be viewed as a marker of lack of nutrients at the cellular level that has systemic effects on growth and development in general, including the brain and neurological development. Children born at lower gestational age (32-38 weeks) and LBW were also associated with school performance, not limited to those born extremely premature (<28 weeks) or with a very low birth weight (<1500g) (46) .
Our findings indicate that the duration of breastfeeding did not contribute to greater percentage of growth, which is consistent with previous studies showing that breastfeeding is associated with slower growth in the first year of life (30) (31) (32) . Mothers as the caregivers at daytime did not predict better infant growth in our study. Since the home environment and family resources such as mothers of adolescent mothers, adolescent fathers, family income and other determinative factors may also affect specific caregiving behaviors that were not assessed in this study, we were unable to draw further conclusion to what extent was infant growth influenced by mothers' caregiving (47, 48) .
This population-based cohort study has several strengths. The dataset provides a large national sample allowing these findings can be generalized to the entire Taiwan. The longitudinal nature of the data providing with the information over a period of time is better for assessing causal relationships than crosssectional designs. There were some limitations of this study that must be addressed. In this paper we analyzed the physiological measurements; however, many environmental exposures (e.g. smoking, iodine deficiency and alcohol intake) and genetic variants associated with several different outcomes were not evaluated. Some potentially relevant factors, such as maternal pre-pregnancy body mass index, gestational weight gain, and gestational diabetes that may be related to postpartum growth were not available.
Apart from breastfeeding, insufficient data were collected for complementary feeding, so we are unable to address potential nutritional explanations for the growth change that was manifest toward the end of the second year of life (49) . Teen pregnancy and parenting remain important public health issues that deserve continued attention.
It is more difficult for adolescent mothers to engage in a mature and sensitive manner with their children as a consequence of they face more risk factors. All of these issues can affect outcomes of the infants of adolescent mothers. The first year postpartum is a particular challenging period for adolescent mothers, as they cope with distinctive personal and social changes (50) . Although children born to adolescent mothers were not at much greater risk for growth delays than their peers born to adult mothers in our study, their developmental outcomes in older ages remain unknown since we could only characterize infant growth changes in weight or length in a period of time like other studies (16, 51, 52) .
